Further objectives were to determine the different patterns of land use and occupation within the microbasin formed by these rivers, and to assess the influence of the quantity of riparian vegetation on the presser/vation of the aquatic ecosystems. The studied basin extends over a total area of 77.75 km 2 , of which 92.98% comprised agriculture (44.11%) and native forest (48.87%). The drainage area of the sampling site P1 was 87.57% covered by crops, and so was 22.30% of the area of the sampling site P4. However, the application of the Tukey test (p < 0.05) to the data for thermotolerant coliforms (also known as faecal coliforms -FC) led to the inference of similarity (p<0.05) between the sampling sites P1 and P4. This indicates that the agriculture impact is probably mitigated by the area of native forest around the source of the spring that feeds P1. From the sampling site P2 to P3, the drainage area showed an improvement in the preservation of natural areas, with the area covered by crops decreasing to 44.41% and an increase of 47.93% in the land covered by native forest. Sampling sites P2 and P3 also showed significant similarity between their annual averages for FC, displaying a reduction in the concentration of these microorganisms from 2.15 to 1.61 (× 10³ MPN/100 mL), which again provided evidence of the positive influence of the recovery of plant cover within the drainage area. Recognising that the other sampling sites with very similar land use characteristics did not display significant alterations in the water quality, the influence of the vegetation and its role as a buffer were made evident, since for these sampling sites most water sources are not bereft of surrounding vegetation. In this way, the lack of correlation (Pearson and Spearman) between the seasonal variations for the assessed water quality parameters allowed us to provide evidence for the positive effect of riparian vegetation in the maintenance of the integrity of aquatic ecosystems and the preservation of the water quality. The water quality comprises physical, chemical, and microbiological parameters related to the different land uses within the river basin.
INTRODUCTION
Hydrographic basins where farming takes place have higher concentrations of sediments and nutrients in their flowing waters in comparison to hydrographic basins protected by native vegetation (Allan, 2004) . Over time, the various impacts of agriculture and grazing cause a continuous decrease in plant cover around aquatic environments. In addition, the use of land for farming and pastures reduce surface roughness, infiltration, and evapotranspiration (Hoffman and Ries, 1999) , which in turn decrease plant root lengths rendering the surface more susceptible to erosion (Beeson and Doyle, 1995) .
The integrity of riparian forests lessens the removal of adjacent soil, the loss of aquatic habitats, and the decline of biological diversity by mitigating the effects of surface runoff (Berkman and Rabeni, 1987) . When these functions are jeopardised by alterations in the composition of the riparian zone, this zone becomes unstable and may no longer be able to ameliorate changes in physical, chemical (Monaghan and Smith, 2012) , and biological (coliforms) parameters of the water resources, which result from surface runoff caused by rainfall (Hong et al., 2010) .
Under Article 2 of the Brazilian Forestry Code (Law nº 4.771/65), riparian forests are categorised as Areas for Permanent Preservation (APP) (BRASIL, 1965) . Improving the quality of the water in rivers is seen as a priority linked to the width of riparian forests, which is in turn related to the width of watercourses (BRASIL, 1965) . In the case of small water basins, the extent and condition of the riparian vegetation can be used as hydrological indicators of the sustainability of human activities that are associated with different land uses (Lima and Zákia, 1998) .
One means to assess the human interference through land use is monitoring local water resources (Coradi et al., 2009 ). The Brazilian National Environment Council (Conselho Nacional do Meio Ambiente, CONAMA), through resolution # 357/05, has established a set of parameters for the monitoring of water quality, corresponding to a number of physical, chemical and biological (total and thermotolerant coliforms) parameters (BRASIL, 2008) .
The relations between riparian vegetation, land use, and water quality are not spatially stationary, but depend upon the individual characteristics of each hydrographic basin, for the physical features of the environment, economic activities, and pollution sources will not be constant in space (Tu, 2013) .
Since around the analysed rivers the riparian forests are intact, our expectations were the following: (1) No significant variations between the seasons in the concentrations of total coliforms (TC) and thermotolerant coliforms (FC); (2) The type of land use in surrounding areas does not affect water quality in time, and (3) The existence of a direct relationship between the preservation of the riparian vegetation and water quality Fruet et al. 49 of the corresponding aquatic environments, regardless of the type of land use. Based upon this perspective, the present study had the following objectives: to determine the different types of land use and occupation for a neotropical river microbasin, to assess the pattern of variations in space and time for the water quality parameters of the rivers of such a basin, and to analyse the influence of riparian vegetation on the integrity of the aquatic ecosystems as a function of land use.
MATERIALS AND METHODS

Study area and sampling sites (collection points)
The present study was conducted on the São João River (SJ) and the Iguaçu River (IG), which belong to the hydrographic basin of the Iguaçu River, in the state of Paraná, Brazil. The source of the São João River is located in a rural area, and it drains into the right margin of the Iguaçu River. The Iguaçu River has its source within the city of Curitiba, the capital of the state of Paraná, and discharges into the west of the state, passing through the Iguaçu National Park, before reaching the Paraná River at Foz do Iguaçu. The courses of both rivers are partially within the Federal Reserve (Unidade de Conservação Federal) known as Iguaçu National Park (ParNaIguaçu -25° 05' to 25° 41' S and 53° 40' to 54° 38' W), and with regard to structure are considered typical aquatic ecosystems within this biome (IBAMA, 1999) . The sampling sites were labelled P1 to P6; their locations were selected to reflect different land uses and interaction with the reserve. Sampling sites (collection points) P1 to P4 were along São João River, whereas P5 and P6 were located on the Iguaçu River (Figure 1 ).
Land use determination
A map of land use and occupation was constructed by visual classification of panchromatic images acquired from the updated database available by the Company Environmental Systems Research Institute (ESRI), making use of a geographic information system (GIS), as implemented in the software ArcGIS 10 (ESRI, 2010). Five classes of land use and occupation were defined: Native forest, pasture and reservoirs, agriculture, residential area, and areas of afforestation by exotic species.
Parameters monitored and analytical methods
A total of 72 water samples were assessed each month, from July 2011 to June 2012, by determination of a set of 22 variables in triplicate. Thermotolerant coliforms (FC) and total coliforms (TC) were determined by the Most Probable Number (MPN) technique as described in the manual of Standard Methods (APHA, 2005) and compared against the parameters specified by order # 2914 issued by the Ministry of Health (BRASIL, 2011a) and CONAMA resolution # 357/05 (BRASIL, 2008) . Physical and chemical analyses of the water to yield the following: pH, temperature (T), turbidity (TUR), salinity (Sa), electrical conductivity (EC), dissolved oxygen (DO), total dissolved solids (TDS), and flow (Q) were performed in loco *Corresponding author. E-mail: fabiana.pinto@unioeste.br. Tel: +55 45 32207201. 
Statistical analyses of the data
Analysis of variance was used for the main effects (One-way ANOVA), followed by comparison of means using the Tukey test (p < 0.05) so that the results could be compared against parameters set by legislation and to identify significant differences between the variables. The scores along the first three axes from the principal component analysis (PCA) were submitted to Two-way ANOVA (Main effects) using month and sampling sites as independent variables.
A multivariate approach was used to identify associations between the physical and chemical parameters: Principal Components Analysis (PCA), in which the determination as to the principal components to retain for data interpretation was set by the Kaiser-Gutman criterion (Jackson, 1993) . The data were transformed to log10(x+1) so that the frequency distributions approximated the normality condition.
In the assessment of the effects of rainfall (daily, weekly, and monthly) on the physical, chemical, and biological parameters, the scores along the retained axes were correlated to their abundances through Pearson and Spearman correlation tests. For both tests, correlations with p < 0.05 were considered significant.
For the purposes of determining the degree of similarity between sampling sites as revealed by biotic and abiotic parameters, a clustering analysis (CLUSTER) was performed using the Euclidian distances and UPGMA (Unweighted Pair Group Method with Arithmetic Average) as the joining method (McCune and Grace, 2002) . The assessment of the similarities between the collection points was assessed using the ANOSIM (analysis not Parametric Similarity), assuming 9999 permutations and a 0.05 significance level.
The analyses were performed using the software packages PC-ORD 4.0 ® (McCune and Mefford, 1999), Statistica 7.0 ® (Statsoft, 2005) , Sisvar ® (Ferreira, 2007) and Bioestat ® (Ayres et al., 2007) .
RESULTS AND DISCUSSION
Land use and occupation
The values and the percentages of the classes that differentiate the main forms of land use and occupation within the São João River Microbasin, together with values for the areas of the basin that drain to each sampling site, are presented in Table 1 . The São João River basin is within the Iguaçu River Basin. The data characterising the land use for the areas that drain to sampling sites P5 and P6 (Iguaçu River) are not presented in Table 1 , because these areas lie completely within the Iguaçu National Park, where the only permitted land use is native vegetation.
The total area of the São João River Basin is approximately 77.75 km 2 ( Figure 2a) ; 92.98% of this area belongs to the classes of agriculture (44.11%) and native forest (48.87%). The area of the São João River Basin whose quality was monitored through P1 (springs located inside a private reserve, Reserva Particular de Patrimônio Natural de Santa Maria) was influenced primarily by agriculture (87.57%), and to a lesser extent by native forest (12.42%) found within a radius of approximately 50 m around the source of the São João River. For sampling site P2, the most prevalent class of land use was agriculture (76.28%); native forest represented just 14.76% for this drainage area, followed by pasture and reservoirs, and residential areas.
Although the percentage of native vegetation around sampling siteP1 was low, it is within the limits established by Article 2 of the Brazilian Forestry Code (Law nº4.771/65) (BRASIL, 1965) . The main watercourse feeding sampling site P2 also complied with the minimum limits of the same legislation for plant cover. However, the 11 springs that drain to sampling site P2 are bereft of vegetation on their margins, and display high levels of human activities in their surroundings ( Figure 2b) ; both are factors which invariably influence water quality of the tributaries and consequently the main riverbed.
Stands of exotic tree species (Eucalyptus globulus Labill.) are found only within the area draining to sampling site P3, though the major class of land use for this area is native forest (62.69%), with a contribution of 31.87% from agriculture. Four streams run through the drainage area of sampling site P3 to the main riverbed of the São João River, two of these rise and flow through the interior of the Iguaçu National Park until their point of discharge. In contrast, the margins of the third and fourth streams are not protected by a riparian zone, and suffer the effects of heterogeneity of land use and occupation (Figures 2b and c) .
Similarly for sampling site P4, two streams that lack riparian zones drain to the main riverbed the alterations caused by agriculture (22.30%), pasture (5.37%), and residential areas (1.56%), in contrast to the 70.76% of native forest, which influences the water quality of the third stream ( Figures 2B and C) . Water quality parameters and seasonal variations: Annual means for the physical and chemical parameters for which limits are specified by legislation CONAMA 357/05 (BRASIL, 2008) for rivers of water quality classes I and II are presented in Table 2 for each of the sampling sites. This table also contains the values of thermotolerant coliforms (FC) and total coliforms (TC) and the Tukey test results (p < 0.05).
The means for the physical and chemical parameters of the water were compared against the standards established by CONAMA Resolution 357/05 (BRASIL, 2008) and the limits for freshwater of class I (São João River) and class II (Iguaçu River). For sampling sites P2 to P6 the only parameter above the limit specified by the legislation was total phosphorus (upper limit 0.1 mg/L); parameters were within the limits specified (Table 2) .
This could be expected, for the São João and Iguaçu Rivers flow through farming and urban areas, respectively, and it is well known that the use of land for agriculture or as pasture within river basins promotes a gradual increase in the concentration of phosphorus in the water (Dodds and Oakes, 2006) . Furthermore, the input of allochthonous phosphate-containing materials in these areas is evidence of human actions directly interfering with water quality (Andrade et al., 2007) .
Despite the inversion of the proportions of land use assigned to the native forest and agriculture classes between P1 and P4 (Table 1) , the significance test applied to the water quality bioindicator FC led to the inference of similarity between the sampling sites ( Table  2) . This is probably due to mitigation of farming-related impacts by the area of native forest that surrounds the spring feeding P1 (Reserva Particular de Patrimônio Natural de Santa Maria), which is sufficient for the preservation of the stream according to the range determined by current Brazilian legislation (BRASIL, 1965) .
From P2 to P3, the drainage area showed an improvement in the preservation of the natural vegetation, with the area given over to farming decreasing by 44.41% and an increase of 47.93% in the area covered by native forest (Table 1) showed the highest annual mean values for FC (Table 2) . Among the most common sources of microbial contamination (TC and FC) are livestock breeding, areas of pasture, confinement, and application of compost for agricultural purposes, for which evidence was found in the drainage areas of P2 and P3 ( Figure 2B ) (Gazzaz et al., 2012) . Despite the closeness of these sampling sites to common sources of pollution and the lack of a significant difference in the values for thermotolerant coliforms (FC), there was a reduction in the volume of thermotolerant coliforms from 2.15 to 1.61 MPN/100 ml, for the P2 and P3 respectively. This could also indicate the positive influence of recovery of the local vegetation in the drainage areas close to these sampling sites. Sampling sites P5 and P6 did not show a significant difference in their thermotolerant coliforms concentrations, further there was significant similarity with the most preserved sampling sites (P1 and P4) ( Table 2 ). These results indicate that the continuous flow of the river remains this parameter stable, even with the intense human activity from visits to the Iguaçu Falls, which attracted approximately 1,4 million visitors between the sampling sites in question (P5 and P6) (ICMBio, 2013) .
The correlation analyses (Pearson and Spearman) revealed a lack of linear association between the physical, chemical, and biological parameters and the daily, weekly, and monthly rainfall. Further, the multivariate analysis (PCA) did not reveal temporal clustering (seasonality) of the physical and chemical parameters.
The assessment of the associations between the environmental parameters provided evidence for the individual participation of the physical and chemical variables on the quality of the water. The first two axes obtained from the principal components analysis (PCA) were able to explain 54.5% of the environmental variation related to physical and chemical variables of the water from sampling sites (Figure 3) .
The variables which negatively influenced axis 1 (PC1) were nitrate, nitrite, and orthophosphate. The second axis (PC2) selected the variables that contributed negatively to its formation, which were ammonia and the ammonium ion. The groupings formed by sampling sites P1 and P3 (related to axis PC1), and P3 and P4 (related to PC2) may be labelled as the 'group of dissolved solids' (Figure  4 ). These free nutrients play an important role in the ecological processes of the trophic chain of aquatic ecosystems and its distribution in the water column (Guedes et al., 2012) . The sampling sites (P1, P3 and P4) most influenced by the group of dissolved solids are those with the greatest integrity of riparian forest, which through being in partial or total contact with the reserve were consequently less influenced by different forms of land use.
The occurrence in the water column of nitrogencontaining compounds that influenced the axes in this research may be directly linked to the processes of production and decomposition of organic matter (Esteves and Amado, 2011) . It is evident that the input of phosphate-containing nutrients found on the axes could vary according to the different climatic conditions and vegetation of the drainage basin, for they are mainly generated through the deposition of particulate material, living organisms, and organic matter derived from leaf decomposition within the riparian zone (Esteves and Panosso, 2011) .
Furthermore, the main source of energy and nutrients in continental aquatic ecosystems is basically formed from leaf detritus coming from the riparian zone. These allochthonous inputs are fundamental to the understanding of the energy flow and for the maintenance of the metabolism of lotic aquatic ecosystems, especially in Neotropical regions (Esteves and Junior, 2011) .
The cluster grouping analysis revealed that the sampling sites could be divided into two large groups: 'G1', corresponding to the São João River and 'G2' corresponding to Iguaçu River. Within these groupings, three distinct groups (A, B and C) were formed, between which there was greater heterogeneity (Figure 5 ). The first grouping (B) was composed of P2 and P3, both highly affected by human activities. Sampling site P1 and P4 (C), close to the boundary of the Iguaçu National Park, and appeared separately from the others, probably as a result of the self-purification processes occurring along the length of the São João River and action protection of riparian vegetation formed by the RPPNSM (P1) and ParNaIguaçu (P4). Sampling site P1 and P4 (grouping C) stood out from the others, which constitute the São João River region in contact with the protected forest, and when compared to the other sampling sites, it displayed unique physical, chemical, and biological characteristics. The large group 2 was composed of sampling sites P5 and P6 (grouping A), both these sites are located on the Iguaçu River within the Iguaçu National Park, and displayed similar environmental characteristics.
Based upon the similarity evidenced through the cluster analysis confirmed by Analysis Not Parametric similarity to p <0.05 for P1-P4 points, P2-P3 and P5 and P6 and cophenetic correlation coefficient (Rc = 0.7946), it was possible to establish that the analyses of water from sampling sites P1, P2 and P6 would have been sufficient for the purposes of assessing the water quality from these locations. Thus, it will be possible to optimize the sampling in future monitoring campaigns, reducing the cost and labour without decreasing the reliability of the data.
Conclusions
The São João River Microbasin is composed of five different classes of land use: Native forest, pasture and reservoirs, agriculture, residential areas, and areas of afforestation by exotic species. Although native forest and agriculture were the predominant land use classes in this microbasin, this was not found to be true for the drainage areas of the sampling sites. The physical, chemical, and biological variables of water quality did not show correlations with rainfall patterns (seasonality). However, there were relations between the quality of the water resources and the location of the sampling sites. The values of the physical and chemical variables of the assessed sampling sites were within the limits required by the current Brazilian legislation, when they were not influenced by water coming from streams bereft of riparian vegetation. The influence of these streams can also be seen through a direct proportionality, with the significant increase in the biological indicators. It was established that the integrity of the aquatic ecosystems suffered no significant interference form the different types of land use, provided that the riparian zone remained well preserved. However, evidence was found for local alterations in the integrity of the aquatic ecosystems and in the quality of the water for the sampling sites fed by streams lacking the protection from riparian forests.
